Injury of the central nervous system leads to a highly reproducible activation of neurons, astrocytes and microglia, which plays an important role in the posttraumatic repair of the damaged neural tissue. Recent work on proinflammatory cytokines has begun to shed light on the molecular mechanisms that direct and control this repair process. Here we summarize data on the regulation of these cytokines, which led to the identification of the macrophage colony-stimulating factor and interleukin-6 as key factors in microglial and astrocyte activation. (Keio J Med 45 (3): 239-247, September 1996) 
Introduction
Axonal injury leads to a well-organized sequence of morphological and metabolic changes in and around the affected neuron, which appear to play an important role in preventing further damage and enabling repair of the injured neural tissue (for reviews see references [1] [2] [3] . The cell bodies of axotomized neurons show rapid cyto plasmic swelling, eccentric nuclei and an increase and redistribution of ribosomes that leads to the light microscopic dissolution of Nissl bodies, the typical changes associated with post-traumatic neuronal chromatolysis. At the molecular level, there is an early induction in RNA metabolism and associated enzymes, ornithine decarboxylase and transglutaminase. 4. 5 This is followed by the expression of the nuclear transcription factors c-fun, jun B, jun D and TIS11, 6-8 and increased synthesis of growth associated proteins or GAPs 9 such as the growth cone Ca-modulating protein GAP-43/neuro modulin. 10-12 Injured neurons also show an increase in neuronal energy metabolism, glucose and iron uptake,13-15 and the induction of growth factors,16, 19, 20 growth factor receptors 15, 16-20 and other axotomy associated signaling molecules. [21] [22] [23] [24] [25] These neuronal changes are accompanied by rapid glial activation. Adjacent microglia show a rapid increase in cell adhesion molecules,26, 27 receptors for microglial mitogens28 and cytoskeletal proteins. 29, 30 Within the first 48 hours after lesion, these activated microglia adhere to the perikaryal surface of injured neurons, displace synaptic input31 and proliferate vigorously, 32-34 to a 4-6 fold increase in microglial cell number 7 days after axotomy.35 Surrounding astrocytes undergo a fast induction of cytokines19, 20 and extracellular matrix proteins, 36, 37 a massive increase in the cytoskeletal glial fibrillary acidic protein or GFAP,38, 39 a key marker of activated astrocytes, and change shape from a proto plasmic to a stellar, fibrillar cell type.3 These activated astrocytes gradually displace microglia from the neuronal surface and enwrap injured neurons with astrocytic lamellae.40 These cellular changes are summarized schematically in figure 1. Similar neuroglial activation is also a common feature in neurodegenerative disorders, infectious and autoimmune diseases and ischemia/stroke, suggesting the existence of strongly overlapping or even identical signaling pathways that lead to the posttraumatic cellular response in the damaged nervous tissue. 41, 42 At present, the signaling molecules that lead to this cellular response are just beginning to be understood. In general, two different strategies are being used to identify these molecular signals. The first is to turn to a cellular phenomenon that is typical of the injured central nervous Cellular interactions during regeneration macrophages. However, relatively little is known about the endogenous factors that lead to microglial activation under in vivo conditions. Here, particular attention has focused on microglial mitogens, since only a small number of substances actually induces proliferation of microglia in vitro, and since this phenomenon is a common feature of pathological changes in the injured central nervous system.
Colony stimulating factors and their receptors
The colony-stimulating factors (CSFs) are a large set of chemically diverse molecules that were initially their ability to promote the formation and differentiation of hematopoietic colonies from dissociated blood marrow cells. Of the factors belonging to this group, three directly induce the proliferation in pure microglial cultures: macrophage MCSF or CSF1.50-55 GMCSF or CSF250,53,55 and multi-CSF or IL3,50,53 In vivo, injection of GMCSF CSF, into the central nervous system strongly enhances the number of macrophages around the lesion site.50 In addition to their mitogenic action, these CSFs also stimulate phagocytosis, free radical formation and the expression of major histocompatibility antigens. However, there is a considerable divergence in the action profile of the different CSFs.50,52,56
Like other peptide growth factors, the mitogenic effects of MCSF, GMCSF and IL3 are mediated by specific receptors localized on the cell surface of the responsive cells. The receptors for MCSF and for GMCSF and IL3 belong to two different families of growth factor receptors. MCSF receptor is a transmembrane tyrosine kinase, related to receptors for the platelet-derived growth factor and the stem cell factor. Binding of MCSF traumatic cellular activation responses. The work presented in the current study, combining data on the expression of these signaling molecules, their receptors and the effects of cytokine knockouts, has now allowed the identification of macrophage colony-stimulating factor and interleukin-6, as key factors in microglial and astrocyte activation. However, these data on molecular mechanisms are rather sketchy, and nothing is yet known about the signaling molecules that lead to early neuronal activation after injury. Their elucidation will greatly enhance our insight into the cellular and molecular acti vation cascade in the injured neural tissue. A better and more complete understanding of this cascade could also provide us with possible targets for pharmacological intervention, which could improve the quality of neural repair in the damaged central nervous system. ornithine decarboxylase activity within sympathetic neurons after axonal injury 
